We sequenced the 16S rRNA and groEL genes of Aegyptianella pullorum, a small bacterium that infects and replicates only in avian red blood cells. A specific PCR test was developed to analyze A. pullorum DNA. Phylogenic analysis revealed A. pullorum is most closely related to Anaplasma spp.
with the blood from Rio Grande wild turkeys in southern Texas (A. pullorum Texas strain) were obtained from a study carried out in 1983 and 1984 (8) . On these slides, A. pullorum appears as purple compact inclusions 0.3 to 4 m in diameter ( Fig. 1) . In larger inclusions, clearly defined small cocci of 0.25 to 0.4 m that resembled those of Anaplasma spp. could be distinguished ( Fig. 1) . No other cell types contained these inclusions, and no other bacteria or parasites were visually detected within the blood smear.
The slides were extensively washed with TE buffer (10 mM Tris-Cl, 1 mM EDTA, pH 8.0), and cells were scraped off with a sterile scalpel blade into a microcentrifuge tube. DNA was extracted with Chelex-100 (Bio-Rad, Hercules, Calif.). Since the DNA had been severely fragmented and very small amounts of target DNA were present, we devised six nested or seminested PCRs with 12 pairs of primers, as shown in Table  1 . This approach yielded overlapping ϳ100-bp fragments, which we assembled to map the 607 bp of the partial 16S rRNA gene sequence. The nested touchdown PCR (18) protocol included incubation at 94°C for 3 min, followed by 10 cycles of 94°C for 1 min, 65°C for 1 min, and 72°C for 2 min, with the annealing temperature decreased by 1°C in each cycle. Samples were then subjected to 35 cycles of 94°C for 1 min, 55°C for 1 min, and 72°C for 2 min, followed by 7 min of extension at 72°C. The 448-bp partial groEL sequence was obtained by assembling four ϳ100-bp overlapping fragments amplified by heminested PCR with eight pairs of primers, as shown in Table  1 . The PCR products were cloned, and multiple clones were sequenced on both strands (Table 1) . Single unique sequences were obtained for the 16S rRNA and groEL genes, indicating that only one bacterial species was present in the specimen. The forward and reverse primers located on different fragments were used in PCR to further verify the structure of these genes.
DNA extracted independently from different blood smear slides several months later yielded the identical sequences, indicating that these sequences were derived from the blood smear. Of note, it is unlikely that these sequences were derived from environmental contaminants, such as water or air, since the localization of A. pullorum is exclusively intracellular and these sequences are quite unique. It is also unlikely that these sequences are from our laboratory, since we have never used this bacterium or analyzed DNA of these base sequences. Alignment of 16S rRNA gene sequences (including the gaps) corresponding to nucleotide positions 15 to 620 of Anaplasma marginale and our subsequent phylogenic analysis revealed that the new sequence belonged to a member of the genus Anaplasma clade within the family Anaplasmataceae (Fig. 2) . The 16S rRNA gene sequence of A. pullorum had 93.4, 93.2, 93.2, and 92.7% identity with the sequences of Anaplasma platys (strain name unavailable, an intracellular parasite of canine platelets), Anaplasma phagocytophilum USG3 (an intracellular parasite of human, horse, goat, mouse, and sheep granulocytes), Anaplasma phagocytophilum Webster T , and Anaplasma marginale (strain name unavailable), respectively. These similar levels of identity indicate that A. pullorum is a distinct species that exists at a nearly equal distance from all known Anaplasma spp. Members of the next-closest clade, the genus Ehrlichia, had 16S rRNA gene sequences with 86.3 to 88.4% identity with that of A. pullorum.
Alignment of groEL gene sequences (including the gaps) that were available from the GenBank database corresponding to nucleotide positions 153 to 600 of Anaplasma marginale (strain name unavailable) and subsequent phylogenetic analysis revealed that the sequence of the groEL gene of A. pullorum was novel. This sequence was from a member of the clade that included Anaplasma species within the family Anaplasmataceae (Fig. 3) . The groEL gene sequence of A. pullorum had 73.3, 72.8, and 71.4% identity with the sequences of Anaplasma phagocytophilum Swiss rodent, Anaplasma phagocytophilum WI-1, and Anaplasma marginale (strain name unavailable), respectively. These similar levels of identity further suggest that A. pullorum is at almost equal distances from Anaplasma Table 1) . Specificities of these primers were verified by a BLAST search. In the PCR, the 50-l reaction mixture contained a template DNA (in the second round of PCR, the template DNA used was 0.5 l of PCR product from the first round of PCR), PCR buffer (10 mM Tris-HCl [pH 8.4], 50 mM KCl), 2 mM MgCl 2 , 0.2 mM (each) deoxynucleoside triphosphate, 2.5 U of Taq polymerase, and 20 pmol of each primer. The three-step program PCR cycle conditions were 94°C for 3 min, followed by 35 cycles of 94°C for 50 s, 54°C for 1 min, and 72°C for 1 min, and finally extension at 72°C for 7 min. Only A. pullorum DNA from 20-year-old slides yielded a single band of the predicted size of 113 bp (Fig. 4) . In the Anaplasma marginale Florida and Anaplasma phagocytophilum HZ specimens, DNA could be amplified by a single-step PCR based on the p44 (msp2) genes, as described previously (20) . Neither the first-round nor the nested-PCR negative controls amplified any signals, showing that there was no DNA contamination from the environment. Eleven of the PCR product clones were sequenced, and all had sequences identical to the sequence obtained above (GenBank accession no. AY125087). These findings also indicate that this method is sufficiently sensitive to detect A. pullorum DNA from a 20-year-old stained blood smear on a slide.
The present molecular phylogenetic study revealed that the A. pullorum Texas strain is most closely related to the Anaplasma species, which is consistent with the previous decision to include this bacterium in the family Anaplasmataceae (24) . This classification was based on its ultrastructure and other phenotypic characteristics. These include such observations as (i) A. pullorum does not multiply in cell-free media or in tissue cultures (15) , (ii) attempts at continuous propagation of the organism in chicken embryos have not been successful (15) , (iii) tetracyclines are effective in treating A. pullorum infection (24) , and (iv) A. pullorum is transmitted by ticks (15, 17) .
The 16S rRNA and groEL base sequences and A. pullorumspecific PCR developed in this study should advance our understanding of this elusive parasite in birds and ticks and facilitate the diagnosis and characterization of the diseases that are associated with it. Analysis of strains from Egypt, South Africa, and other parts of the world will clarify whether A. pullorum is distinct from proposed species "A. botuliformis" and whether it belongs to the genus Anaplasma or remains in a distinct genus. In general, it is extremely difficult to amplify DNA from old fixed and stained blood or tissue specimens, since such DNA is usually severely fragmented and tightly bound to dye molecules (5). Thus, the strategy and method developed in the present study may be useful for detecting other types of bacteria and their DNA sequences, in cases when fresh specimens are not readily available.
Nucleotide sequence accession numbers. The GenBank accession numbers for the 16S rRNA and groEL gene sequences of A. pullorum Texas are AY125087 and AY150648, respectively. 
